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Assessment of Water Quality in the South Indian
River Water Control District, Palm Beach County,

Florida, 1989-94

By A.C. Lietz

Abstract

The South Indian River Water Control Mis-
trict is located in an area of northermn Palm Beach
County, Fla., where many residents must rely on
private wells for domestic water supplies and indi-
vidual septic tanks for waste disposal. As a result,
contamination of the surficial aquifer system and
availability of'a potable water supply have become
of increasing concern. To address this concern, the
U.S. Geological Survey, in cooperation with the
South Indian River Water Control District, con-
ducted a study to assess ground-water and surface-
watcr quality in the District from 1989 (o 1994.
The study consisted of waler-quality monitoring at
11 wells and 14 surface-water sites located within
the District. Water samples were analyzed for
major imorganic constituents and physical charac-
teristics, trace metals, nitrogen and phosphorus
species, and synthetic organic compounds.

The predominant water type within the
South Indian River Water Control District is cal-
cium bicarbonate; however, mixed-ion type water
and sodium bicarbonate type water also exist in
varying amounts. Sodium chloride type water is
present in the western arcas of the District due to
incompletely flushed residual seawater. Results of
the study indicated that concentrations of most
constituents were within State drinking-water
standards as cstablished by the Florida Depart-
ment of Environmental Protection, but concentra-
tions of certain constituents occasionally exceeded
drinking-water standards in some ground-water

and surface-water samples. Sodium and chloride
concentrations excecded the standards in ground
water at two wells, dissolved-solids concentra-
tions at five ground-water wells and one surface-
water site, and color values at all 11 ground-water
wells and all 14 surface-water sites.

Other constituents also exhibited concentra-
tions that exceeded drinking-water standards.
Cadmium and zinc concentrations exceeded the
standards in ground water at one well, and lead
concentrations excecded the standard in ground
water at five wells. Nitrogen and phosphorus
specie concentrations did not exceed respective
drinking-water standards in any ground-water or
surface-water samples. Additionally, organic com-
pounds were not detected at four surface-water
sites monitored for National Pollutant Discharge
Llimination System constituents. Several syn-
thetic organic compounds were detected at or
above 50 micrograms per liter in water samples
collected from six ground-water wells and three
surface-waler siles.

INTRODUCTION

The South Indian River Water Control District
is located within the northern Midlands area of Palm
Beach County in southeastern Florida (fig. 1). Devel-
opment of this District, originally known as the South
Indian River Drainage District, began during the
1920%s with the construction of drainage canals used
for agricultural production. Development continued
through the 1960°s and 1970°s with the sale of land for

Introduction 1
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building residential home sites and with the construc-
tion of access roads. In 1983, surface-walter improve-
ments to the District’s drainage basin (cast of the C-18
canal) were implemented. Today (1996), agriculture
has been displaced by very low to low density residen-
tial housing as the dominant land use, spreading into
the northern Midlands arca.

The population of the northern Midlands area
has grown in recent years with this trend expected to
conlinue, resulting in increased demand for potable
waler and increased need for waste disposal. Presently,
no public-waler supplies exist in the area; therefore,
many residents must solely rely on private wells for
domestic water supplies and on septic tanks for waste
disposal. Additionally, pockets of residual Pleistocene
seawater that have been incompletely [lushed from the
surficial aquifcr system exist in the western part of the
northern Midlands (Miller, 1991, p 12), possibly ren-
dering the waler unsuitable for domestic use. The avail-
ability of a polable water supply is of utmost concern to
water officials and concemed citizens, For this reason,
the U.S. Geological Survey, in cooperation with the
South Indian River Water Conltrol District, conducted
an extensive ground-water and surfacc-water quality
monitoring study from July 1989 to September 1994 to
define the baseline water quality within the District and
to develop a data base for future water-resources plan-
ning and management.

Purpose and Scope

The purpose of this report is to prescnt an asscss-
ment of ground-water and surface-water quality data
collected in the South Indian River Water Control Dis-
trict. Water samples were collected from 11 ground-
water wells and 14 surface-waler sites from 1989 to
1994 to determine concentrations ol major inorganic
constituents and physical characteristics, trace metals,
and nitrogen and phosphorus specics. Additionally,
data were collected from four surface-water sites on a
storm-driven basis for determination of synthetic
organic compounds that are part of the U.S. Environ-
mental Protection Agency’s National Pollutant Dis-
charge Elimination System (NPDES) protocol. The gas
chromatograph/tlame ionization detection (GC/FID)
method was used to detect synthetic organic com-
pounds at sclected ground-water and surface-water
sites. Trilinear diagrams, box plots, and vertical
plots were used to compare water quality among sites.

Special consideration was given to constituent trends
and seasonal variations,

Description of Study Area

The South Indian River Water Control District
study area occupies aboul 20 mi’ ( square miles) in
northeastern Palm Beach County and is about 5 mi
(miles) inland from the Atlantic Ocean (fig. 1). The
study area lies within the physiographic region of the
Sandy Flatlands, which, generally is characterized
by little topographic relief. The natural land surface
ranges from 15 to 18 ft (feet) above sca level (Fisher,
1980).

The South Indian River Water Control District is
divided physically and hydraulically into an east-west
basin by the C-18 canal (fig. 2). West of this canal,
seven lateral canals (C-1 to C-7), spaced at 0.5-mi
intervals [rom north to south, convey water in an east-
erly dircction to the C- 14 canal, which flows northward
to the Northwest Fork of the Loxahatchee River. The
Lainhart Dam acts as a control structure for this section
of the drainage basin. Stages in the C-18 canal gener-
ally are maintained higher than those in the C-14 canal,
and water [lows by way of gravity through control
structure G-92 to the C-14 canal. Last of the C-18
canal, seven canals (A-(Q) convey water in an caslerly
direction to the Header Canal, which transportls water
to the Turnpike Borrow Canal. (Water traverses wcirs
in canals A, C, D, and E belore entering the [eader
Canal.) Two other canals (J and H) casl of the C-18
canal convey water westerly to the Turnpike Borrow
Canal. Water in the Turnpike Borrow Canal flows in a
north-northwest dircclion and then parallels the C-18
canal in a north-northeast dircetion and enters the
Southwest Fork of the Loxahatchee River downstream
of control structure 5-46.

The South Indian River Water Control District is
underlain by the surficial aquifer system, the principal
source of freshwalter supply for Palm Beach County.
The surficial aquiter system is composed of many
hydrogeologic components that are hydraulically inter-
connected, but differentiated by variations in lithology
and hydraulic characteristics (Miller, 1988, p. 6). The
components of the surficial aquifer system arc divided
into three zones based upon permeabilities (fig. 1).
The District lies predominantly in zone IT, which is
described as the second most permeable zone of the
surficial aquifer system,

Introduction 3
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The uppermost part of the surficial aquifer sys-
tem (to a depth of 30 ft below land surface) is primarily
composed of unconsolidated sand and marl with local-
ized lenses of shell and shelly limestone. Organic sand,
silt, and marl compose semiconfining layers from land
surface to a depth of about 40 ft. A clayey marl unit,
about 4- to 10-1t thick, is present from about 4 to 10 ft
below land surface through the northern Midlands.
Below the marl unit lies another semiconfining layer of
muddy, organic sand. A semiconfining section of sedi-
ments consisting of fine sand and shallow marl layers
tends to retard infiltration of raintall, thereby reducing
the rate of recharge o the surficial aquifer system
(Miller, 1991, p. 8). Lithologic logs of two shallow
wells (PB-1522 and PB-1524) and one deep well
(PB-1552) in the District are presenled in tables 1, 2,
and 3, respectively. Well PB-1552 was logged o a
depth ot 170 ft, but was backfilled and completed to a
depth of 100 ft.

The unconfined surficial aquifer system cxists
under water-table conditions, with water levels increas-
ing in the wet season (June-October) and decrcasing
during the dry season (November-May). Water-level
changes are caused primarily by surfacc-waler
recharge, precipitation, domestic and industrial pump-
ing, and losses due to evapotranspiration. Ground-
water and surface-water exchange, which can affect
water quality, occurs in the surficial aquifer system
depending on the relation of the water table 1o canal
stages. The altitude of the water table in the South
Indian River Water Control District is depicted in fig-
ure 3. West of the C-14 and C-18 canals, ground-water
tlow is in an easterly direction as shown by the widcly
spaced contours, which indicate a relatively flat water
table, In the area north of the District, the contours fol-
low the Northwest Fork of the Loxahatchee River in an
east-northeasterly direction.

Previous Investigations

The U.S. Geological Survey has conducted scv-
eral water-resources investigations in Palm Beach
County. Rodis and Land (1976) evalualed the shallow
aquifer as a prime freshwater resource for Palm Beach
County. Miller and Lietz (1976) summarized walter-
quality data for Palm Beach County. Fisher (1980)
evaluated a cavity-riddled zone of the surficial aquifer
near Riviera Beach., Swayze and Miller (1984)
described the hydrogeology of a zone of secondary per-
meability in the surficial aquiler system, and Miller

(1988) described and evaluated the effects of urban and
agricultural development on the surficial aquifer sys-
tem. Miller (1991) also studied the hydrogeology and
migration of septic tank cfluent in the surficial aquifer
systemn in the northern Midlands.
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SAMPLING PROGRAM AND ANALYTICAL
METHODS

The sampling program for this study began in
July 1989 with the selection of 11 ground-water wells
(table 4), ranging in depth from 19 to 118 ft, and 14 sur-
face-waler sites (lable 5) which provided representa-
tive areal coverage of the South Indian River Water
Control District (fig. 2). Water samples were collected
from 1989 to 1994 to determine concentrations of
major mnorganic constituents and physical characteris-
tics, trace metals, nitrogen and phosphorus species, and
synthetic organic compounds. Dates of sampling for
selected ground-water wells and surface-water sites
used to analyze water-quality constituents in the Dis-
trict are presented in appendixes I and 11

Prior to sampling, wells were evacuated by a
centrifugal pump, removing at least three volumes of
casing water to ensure collecting water representative
of the aquifer. A peristaltic pump with Tygon tubing
was then used to collect water samples for inorganic
analysis, thus preventing degasification due to agitation
by a centrifugal pump. Water samples for organic anal-
ysis were collected by means of a Teflon bailer; the
bailer was rinsed with methanol and organic-free water
between siles (0 prevent cross contamination. Surface-
walcr samples were collected for inorganic analysis
using two methods: the equal-width-increment (EWT)
method or the grab sample method. The EWI method
involves the raising and lowering of a weighted bottle
at a constant transit rate within one or mare verticals in
the cross section, so that the bottle is not completely

Sampling Program and Analytical Methods 5
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Table 1. Lithologic log of well PB-1522

[ Latitude 265417, longitude 801303 - Section 14, Township 415, Range 41E]

Depth, in feet

hickn —
T ;?:ESSS below land Description
surface

5 0-5 Sand, light-brown to dark-brown; quartzose, fine Lo very fine: 5 to 10 percent
heavy minerals; 5 percent shell fragments.

5 5-10 Sand, light-gray; quartzose, fine to very fine: 1 to 3 percent heavy minerals: 40
percent shell fragments. bivalves, gastropods, bryozoans: interbedded with
limestone rock fragments; marl al 10 feet.

5 10-15 Sand. light-gray to medium-gray; quartzose, fine to very fine; 10 to |3 percent
heavy minerals: about 15 percent shell fragments; 10 percent marl,

5 15-20 Sand, brownish-gray: quartzose, fine to very finc; 5 to 10 percent heavy min-
erals: black organics: 5 to 10 percent silt-size particles,

2 20-22 Sand, as in 15 o 20 feet.

Table 2. Lithologic log of well PB-1524

[Latitude 265443, longitude 801520 - Section 16, Township 415, Range 41E

Depth, in feet

Th:(f.‘.‘::SSS below land Description
surface

3 0-5 Sand, brownish-gray: quartzose, fine to very fine, well sorled; 3 to 5 percent
heavy minerals.

5 5-10 Sand. brownish-gray to dark-brown: as noted: 5 to 10 percent heavy minerals;
abundant organics; marl layers.

5 10- 15 Sand, grayish-green: quartzose, very fing; 3 to 5 percent heavy minerals; 15 to
20 percent shell fragments.

5 15-20 Sand, light-gray; as in 10 to 15 feet.

Sampling Program and Analytical Methods
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Table 3. Lithologic log of well PB-1552

[Latitude 265443, Longitude 801520 - Section 16, Township 415, Range 41F)]

Thickness

Depth. in feet below land

|

(leet) surface Deseription

3 0-3 Renul il

2 3-5 sand, dusky-brown (5 YR 2/2); quartzose, medium o very fine, moderately sorted, subangular io subrounded;
about 1 percent carbonates, 20 1 25 percent organic mud, clay and silt size.

3 5-10 Sand, dark-yellowish-brown (10 YR 4/2); quartznse as abave: 20 to 25 parcent micritic mud; about 3 to 5 per-
cent orgmn: mpments: 5 to 10 percent detrital carbonates and shell frapments: Chione, Telling.

14 1024 Sand, dark-yellowish-brown (100 YR 4/2); quartzose, medium to very fine, moderately sorled, subrounded (o
rounded: about | percent heavy minerals, fine to very fine, subrounded to rounded; abour 1 pervent detrital car-
bonates; about 5 to 10 percent mucd, cliy and silt size.

3 24-27 Sand, light-olive-pray (3Y 5/2); as above; | 1o 3 percent mul, clay and silt size

3 270 Sond. ns above.

4 W34 sand. light-gray (N 73 1o yellowish-pray (3 Y 7/2); quartzose, medium to very fine. moderately sorted, subangu
lar to subrounded; | to 3 percent heavy minerals, fine to very fine. moderately sorted, subangular o roundecd; 3
to 5 percent deirital carbonates and shell fragments. Chivne, Curdite, other bivalves.

3 -3 Sand, light-gray (N 7) to yellowish-pray (5 Y 8/ 1) quartzose, medhum to very Ane. moderately sorted. angular
to subrounded: | 10 3 percent heavy ninerals as ahove; 30 35 percent detrital carbonates and shell fragmens.
Chibone, Ostrea. Carclita, Limopsis, Denar, Cevithivn, Crepidita, Praram, Olivella, Philippia, Chlany s,

3 37-40 Sand, light-olive pray (5 Y #/1) to yellowish-gray {53 Y &/11 as above: 3 1o 5 percent heavy minerals.

4 40 - 44 sand: as above: about 1 to 3 percent rock fragments.

3 44 - 47 Sand: as above: 35 o 40 percenl detrital carbonates and shell fragments, Basyeon.

7 47 - 54 Sand, olive-pray (3 Y A1) quartzose, medium to very fine, moderately sorted, angular 10 subroumded; 5 1 10
pereent heavy minerals and phosphates, fine to very fine, moderately sorted, subangular 1o rounded; 30 10 15
percent derrital carbonates and shell fragments.

3 5457 Sand. olive-gray (3 Y 4/1); quartzose, fine 1o very fine, well sorted, subangular to subrounded; 5 1o 10 percent
heavy minerals and phosphales, fine to very fine, well sorted, subangular to rounded: 35 o 40 percent detrital
carbonatcs and shell Iragiments,

3 57-60 Sand, as above; mierbedded with 10 percent limestone and claystone, light-olive-gray (5 Y 5/2); micrite and
clay.

4 G0 - 64 Sand, olive-gray (5 Y 4/1); quartzose, fine to very fine, well sorted, angular 10 subrounded; 3 to 5 percent heavy
mnnerals and phosphates, fine to very fine, well sorted, subangular o rounded; 35 100 40 percent detrinl corbon-
ates and shell fragments.

4 a4 - H) Sind, light-olive-gray (5 Y 5/2): as above.

4 70-74 Sand. lipght-ohve-gray (5 Y 6/1%. a5 above: quartzose, medium to very fine, angular (o subrounded,

3 7477 Snnd. light-olive-gray (3 Y 0/1); quartzose, fine 1o very fine, well sorted. anpular to subrounded; 5 ta 10 percent
heavy minerals and phosphates, line w very line, well sorted, subangular to rounded: | o 3 pereent ivicrite; 35
1o 40 percent detrital carbonates and shell Tragmenis,

3 T7 80 sund, alive-pray (3 Y 4/1); detrital carbonales and shell fragments: 25 to 30 percent quartzose, very fine, well
sorted, angular 10 subrounded: 5 10 10 percent heavy minerals and phosphates, fine 1w very fine, well soried,
subanpular to rounded: about 3 percent micrile.

4 R0 - B4 Sand. light-olive-gray (5 ¥ &/1): as above,

4 84 - 90 Sandd, light-olive-gray (3 Y 6/1); quartzose. fine 1 very fine, well sorted, angular to subrounded: 5 to 10 percent
heavy minerals and phosphate as abave; 35 1o 40 percent detnital carbonates and shell fragments, Terehr.

7 90 - 97 Sand. ohve-pray (5 Y 4/1) guantzose. fine to very fine. angular 10 subrounded, well sorted; 5 to 10 percent

heavy minerals and phosphates, fine to very fine, moderately sorted. subrounded to rounded: 35 to 40 percem
detritnl carbonates and shell fragments,

Assessment of Water Quality in the South Indian River Water Control District, Palm Beach County, Florida, 1989-94



Table 3. Lithologic log of well PB-1552--Continued

Thickness
(feet)

Depth, in feet below land
surflace

Drescription

4]

97 - 100

100 - 104

104 - 107

107 - 110

1o- 114

14-17

117- 120

120-124

124-127

127 - 134

134 - 140

140 - 144

4 - 150

1500 - 154

154 - 157

157 - 160

160k - 16

164 - 170

Sand, ulive-gray (5 Y 413 to mediam-dark-gray (N 4% quartzose. mediom to very fine, moderately sorted,
angular 1o subrounded: 3 to 5 percent heavy minerals, fine lo very fine, well sorted, subrounded 10 rounded; 20
10 25 percent detrital carbonates and phosphates, very conrse 1o very fine: 20 to 25 percenl shells and shell frag-
ments, Tirritelle, Chione. echinod plates., Crucibulion. Tellina, Aradora.

Sand, olivepray (3 Y /1) as above: interbedded with about 20 percent fossiliferaus limestone, light olive-pray
(5 ¥ 6/1), packedd biosparite, bivalves: 15 to 20 percent uartz. medium to very fine, subangular to subrounded;
pnorly cemented; very purous. -

Sand, light-ohive pray (5 Y 6/1): quarzose, medm o very fine. moderately sorted, subangular to subrounded:
5 1o 10 percent heavy minerals and phosphates, medim 1o very fine. modemtely sorted, subrounded o roundedd:
35 to 40 percent detrital carbonates and shell frapments: nertbedded with abaut 10 percent limestone, packed
binsparite: 20 percent quarty. imedium to very fine, subangular w subrounded: 3 10 5 pereent heavy minerls and
phosphates. fine to very fine. subrounded to rounded; paorly cemented: very porous.

Sand, interbedded with about 10 percent limestone as above,

Sand, light-nlive gray (3 Y 6/1): quartzose, fine 1o very fine, well sorted, subangrular w subrounded: 5 to 10 per
cent heavy minerals and phosphates. fine to very line, well sorted. subrounded 1o tounded: 30 to 33 percent
detrital carbonates and shell Iragments; lost circulation at 113 leet.

Marl. yellowish-gray (5Y 8/1) clay and micrite; impermeable,

Sand. light-olive-gray (3 Y 6/1) quartzose, medimn 1o very fine, moderately sorted. angular to subrounded; 3 1o
5 percent heavy minerls and phosphates. fine to very fine. well sorted, subangular lo subreunded, 15 to 30 per-
cent detritnl carhomates and shell fragments, abundant bivalve fragments: interbedded with about 20 percent
marl as above

Sand, yellowish-gray (53 ¥ R/1% detrital catbonates and shell fragments, bivalve frgments: 35 10 40 percent
uarlase, fing w very fing, well sortel, angular to subrounded; 3 1o 5 percent heavy minerals and phosphates,
fine 1o very fine. well sorted, subrounded 10 rounded: interbedded with abaut 10 percent limestane, packed bio-
sparile; W) percent guartz, fing to very fine, subangular to subrounded; 3 10 5 pereent heavy minerals and phos-
phates, fine 1o very fine, subrounded o rounded: pootly cemented: very poraus, moldic.

Sand: a8 above: quartzose, medium (o very fine. moderately sorted, angular w subrounded. inerbedded with 20
percent hmestone, light-olive-gray (5 Y 6/1); sandy. sparse biasparite, 20 lo 25 percent quartz, mediuim o very
fine, subangular o subrounded: 3 0 5 percent heavy minerals and phosphates. fine to very fine. subrounded to
renmeled: ponrly cemented: very porons, maoldic.,

Sand, very light gray (N ) to yellowish gray (5 ¥ 8/1 ), quartzose, medium 1o siltsize. moderately sorted. angu-
lar to subrounded: 3 to 5 percent heavy mincrals and phosphates, fine w0 very fine, well sorled, subrounded 1o
rounded: 15 1 20 pereent detrital earhonates and shell fragments

Sand., very light gray (N #) to yellowish-gray (3 Y 8/1); quartznse, fine fo very fine. well sored. subangular 1o
submunded: | 10 3 percent detrital carlwnates. coarse to very fine | to 3 percent heavy minceals and phos-
phates, fine 1o very fine. well sorted, subrounded 1o rounded: 5 o 10 pereent sandstone nodules. micrilic matrix:
very poorly cemented.

Sand as nhove: quartznse, medium to very line

Clayey sand, light-olive-gray (5 Y 5/2): quartzose. fing to very fine, well sorted, subangular to subrounded: 3 1o
3 percent heavy minerals and phosphates as abuve. | o 3 percent denial carbonates: 15 fo 20 percent marl.
micritic, cly and silt.

Sand as above, 20 0 25 pereent lay and sill.

Clayey sand. light-olive-gray (3 ¥ 5/2) quarizose, fine to very fine. well sorted. angular 1o subrounded: 3 105
percent heavy minerals and phosphates, fine o very fine, well sored, subrounded 1o ronmndlesl; | o 3 percent

detrital carhunales. 25 @ 30 percent clay and silt.

Sandy elny, grayishoolive (10 Y 4/2): clay and =il 35 10 40 porcent quartzose as above; 3 to 5 percent heavy
iminerals and phosphates ax above: | 1o 3 percent detrital carbonates.

Sandy clay. pale-ohve (10°Y 7/2) 10 light-olive-gray (5 Y 5/2); clay and silt. 30 16 35 pereent quartzose as
abave, § 10 10 pereent heavy ninerals and phosphates as ahoves 3 1o 5 percent detrital carbonalcs.

Sandy clay, hyphr-olive-gray (3Y 5/2); as above,

Sampling Program and Analytical Methods
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Table 4. Description of ground-water wells used to study water quality in the South Indian River Water
Control District

[PVC, polyvinyl chloride; --, unknown]

U.S. Geological

; Well Top of Bottom of Diameter Screened
nl.‘::?llaler ids:nr;ﬁi:tllt:n depth caging casing n?::: ::gl nf casing interval
number (feet) (feet) (feet) (inches) (feet)
PB-711 26531008008340| 23 0.0 21.0 Black iron 2.0 2
PB-875 265439080102904 24 0.0 20,0 PV 2.0 -
PB-880 265439080102901 118 0.0 90.0 PV 4.0 24
'B-924 265508080083301 115 0.0 115.0 Black iron 2.5 -
PB-1520 263412080092701 23 (b5 20.5 e 2.0 2
PB-1522 265417080130301| 23 0.5 205 PVC 2.0 2
PB-1524 265443080152001 19 0.0 7.0 PVC 2.0 3
PB-1552 265443080152002 100 0.0 20.0 PVC 2.0 10
PB-1651 2654 18080082001 29 0.0 26.1 Ve 2.0 3
PB-1652 26541 8080082902 74 (L0 0.9 Ve 2.0 3
PB-1653 265537080123001 19.6 PV 2.0 3

23 0.0

10

Table 5. U.S. Geological Survey site identification numbers, latitudes,
and longitudes for selected surface-water sites used to study water
quality in the South Indian River Water Control District

U.S. Geological Survey

Si - . atit ongit
nun:ger site 'gﬁmg::ratm" (:;eg r‘;g:) I(_degg re‘;:?
SW-1 265613080100700 265613 0801007
SW-2 265631080132500 265631 0801325
SW-3 265538080135500 205538 0801355
Sw-4 265352080120400 265352 0801204
SW-5 265513080103300 265513 0801033
SW-6 265437080103200 265437 0801032
SW-7 265415080093900 265415 0800939
SW-8 265439080084000 265439 0800840
SW-9 265537080090200 265537 0800902
SW-10 265552080085000 265552 0800850
SW-20 265558080105100 265558 0801051
SW-21 02277480 265537 0801131
SW-22 265417080082200 265417 0800822
SW-23 265632080144200 265632 0801442

Assessment of Water Quality in the South Indian River Water Control District, Palm Beach County, Florida, 1989-94



full when returned 1o the surface. The grab sample
method entails filling the sample bottle at a single depth
and location. The grab sample method was uscd at
most sites because most of the surface-waler sites do
not have bridges, and EWT sampling was considered
impractical,

Surface-water samples collected for determina-
{ion of major inorganic constituents and physical char-
acteristics, trace metals, and nitrogen and phosphorus
species were composited in a churn splitter before pro-
cessing for laboratory analysis. Surface-water samples
for organic determinations were collected dircetly from
the stream in weighted [-liter glass bottles using a bas-
ket sampler. Temperature, pH, dissolved oxygen, and
specific conductance were measured in the ficld at the
time of ground-water and surface-water sampling.
Water samples collected for determination of nitrogen
and phosphorus species and organic compounds were
chilled to 4 degrees Celsius and shipped within 24
hours for laboratory analysis. All water samples requir-
ing preservatives to inhibit sample degradation were
treated in the field at the time of collection.

Major inorganic constituents, trace metals, and
nitrogen and phosphorus species were analyzed at the
1.5, Geological Survey Water Quality Service Unit in
Ocala, Fla., according to procedures described by Fish-
man and Fricdman (1989). Synthetic organic com-
pounds (acid-extractable compounds, base/neutral-
extractable compounds, pesticides, and volatile organic
compounds) were analyzed at the U.8. Geological Sur-
vey National Water Quality Laboratory in Arvada,
Colo., according to U.S. Geological Survey protocol as
described by Wershaw and others (1983). The GC/FID
scan analyses, used for semiquantitative synthetic
organic compound detection, were determined at the
U.S. Geological Survey Waler Quality Service Unil in
Ocala, according to the same procedures. Quality
assurance procedures (Florida Department of Environ-
mental Protection, 1993a) included field and equip-
ment blanks both analyzed at the Ocala and Arvada
lahoratories. Data were stored in WATSTORT, the U5,
Geological Survey's national computer data base.

ASSESSMENT OF WATER QUALITY

The quality of ground water and surtace water
can be described in terms of their chemical constituents
and physical and biological characteristics. The Florida
Department of Environmental Protection (1993a and
1993b) has classilied the waters of the State for specific

categorics of use and has set standards for these uses.
Water is considered poor qualily or contaminated if a
particular constituent exceeds the primary maximum
contaminant levels (PMCL's) or secondary maximum
contaminani levels (SMCL's) for drinking-water cstab-
lished by the Florida Department of Environmental
Protection (1993b). The contamination can be a health
hazard or an esthetic degradation.

Various chemical constituents and physical char-
acteristics were monitored in the South Indian River
Water Control District (o assess its water quality. These
constituents and characteristics are summarized in the
subsequent sections of this report. Statistical summa-
ries of selected ground-water and surface-water quality
data (1989-94) arc presented in appendixes [T and IV.

Major Inorganic Constituents and
Physical Characteristics

From July 1989 to August 1994, ground-water
and surface-water samples were collected at selected
sites in the South Indian River Water Control District
(fig. 2) for determination of major inorganic constitu-
ents, hardness, dissolved solids, color, temperature,
specific conductance, and pH. Major inorganic chemis-
try and related data were used as a general indicator of
waler quality and to: (1) identify some of the physical-
chemical processes that afTect the composition of natu-
ral waters, and (2) asscss which constituents exceed the
State of Florida PMCL's or SMCL’s.

Eleven ground-waler wells and eight surface-
waler sites were sampled monthly for major inorganic
constituents beginning in 1989 (app. Land IT). Six addi-
tional surface-water sites were sampled monthly at var-
ious times between 1990 and 1994 (app. IT). The
sampling schedule for major inorganic constituents at
most of the ground-water wells and surface-water sites
was changed to a quarterly basis beginning in the 1993
water year and semiannually beginning in the 1994
water year. The sampling of chemical oxygen demand
was conducted twice in 1993 at selected ground-water
wells and surface-water sites (app. 1 and IT).

Water Types

Major inorganic constituents, as discussed in this
report, include those cations (positively charged ions)
and anions (negatively charged ions) that constitute the
bulk of the dissolved solids and include those constitu-
¢nts that commonly oceur in concentrations exceeding

Assessment of Water Quality 11



1.0 mg/L (milligram per liter). The major dissolved
cations generally are calcium, magnesium, sodium, and
potassium; the major anions are sulfate, chloride, fluo-
ride, and those constituents contributing to alkalinity
which primarily arc carbonate and bicarbonate (Hem,
1985). These charged species in solution contribute to
the water’s specific conductance, defined as the ability
to conduct an electric current. Both dissolved solids
and specific conductance are dependent on the degree
of mineralization of the water and arc indicators of gen-
eral inorganic water quality. Silicon, which is nonionic,
contributes to the dissolved solids and is usually
reported as silica,

The chemical compositions of ground water and
surface water in the South Indian River Water Control
District are shown in the trilinear diagrams (figs. 4-10).
Selected cations and anions for each individual analy-
sis were plotted on triangles as a percentage of total cat-
ions and anions in millicquivalents per liter, These
plots, projected on a diamond-shaped ficld, can be used
(based on their position) to illustrate chemically similar
water types or identify waters that are mixtures of two
different types. Water types are based on which cations
or anions dominate (50 percent or greater). For exam-
ple, a water type in which calcium is the dominant cat-
ion and bicarbonate is the dominant anion is referred to
as calcium bicarbonate type water. A mixced-ion type
water is one in which no cation or anion dominates
(Maddy and others, 1992). The trilinear diagrams for
the ground-water analyses (figs. 4-6) show that the pre-
dominant waler type in the South Indian River Water
Control Distriet, except at wells PB-1524 and PB-1552
(fig. 5), is calcium bicarbonate, which is due to the dis-
solution of limestone from the surficial aquifer system.

Water from several wells oceasionally departed
from the typical calcium bicarbonate type water and
depicted a mixed-ion type water. This mixed-ion lype
water is apparent at wells PB-711 and PB-880 (fig. 4)
and wells PB-1651 and PB-1652 (fig. 6). Several anal-
yses from well PB-880 (fig. 4) demonstrated mixed-
cation type water in which neither calcium, magne-
sium, sodium, nor potassium were dominant (greater
than 50 percent). A few analyses from wells PB-711
(fig. 4), PB-1651 (fig. 6), and PB-1652 (fig. 6) dem-
onstrated mixcd-anion type water in which neither
chloride, sulfate, nor bicarbonate were dominant.

Well PB-1653 (fig. 6) depicted both calcium bicarbon-
ate and sodium bicarbonate type walers, indicating
ion exchange of sodium for calcium had occurred

and resulting in natural softening. Well PB-1653 also

demonstrated mixed-cation type water in which neither
calcium, magnesium, sodium, nor potassium were
dominant. This variation in water types from the same
sites might be duc to mixing of different waters during
different seasons. Magnesium in the absence of scawa-
ter occurs in small quantities in southern Florida
ground waler and is due to dissolution of dolomitic
limestone. The presence of sulfate might be due to oxi-
dation of hydrogen sulfide from organic deposits in the
surficial aquifer system.

Sodium chloride type water was detected at
wells PB-1524 and PB-1552 (fig. 5). This water type is
the result of incomplete flushing of residual seawater
emplaced during the Pleistocene Epoch. Much of the
northern Midlands 1s affected by residual scawater
(Miller, 1991, p. 12). According to Miller, highly min-
cralized sodium chloride type water exists in both shal-
low and deep zoncs of the surficial aquifcr system in
western areas of the South Indian River Water Control
District, rendering the water unsuitable as a potable
supply.

Trilinear diagrams from all surface-water silcs
(figs. 7-10) depict calcium bicarbonate type water. One
analysis at site SW-2 (fig. 7) exhibited a mixed-ion
lype water in which neither the cations nor the anions
were dominani.

Summary of Major Inorganic Data

Water hardness is reported as an equivalent
amount of calcium carbonate (CaCO5) and is depen-
dent primarily on calcium and magnesium. Limestone
present in the surficial aquifer system is a natural
source of hardness. There are no Federal or State stan-
dards for hardness; hardness gencrally is classified
(Hem, 1985, p. 159) as follows: sofl (0-60 mg/L), mod-
erately hard (61-120 mg/L), hard (121-180 mg/L), and
very hard (greater than 180 mg/L). Tn the South Indian
River Waler Control District, water is classified as
moderately hard in 5 percent of ground-water analyses
and 15 percent of surface-water analyses, hard in 9 per-
cent of ground-water analyses and 30 percent of sur-
face-water analyses, and very hard in 86 percent of
ground-water analyses and 55 percent of surface-water
analyses. There are no ground-water or surface-water
analyses classified as soft in the District.

Four major inorganic constituents and physical
characteristics exceeded the drinking-water standards
(PMCL’s or SMCL's) in some ground-water and sur-
face-water samples. These four constituents and char-
acteristics (sodium, chloride, dissolved solids, and

12 Assessment of Water Quality in the South Indian River Water Control District, Palm Beach County, Florida, 1989-94
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EXPLANATION

o Ground-Waler Analysis

CHLORIDE, FLUORIDE, NO2 + NO3
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Figure 4. Chemical composition of ground-water samples collected from wells PB-711,
PB-875, PB-880, and PB-928.
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Figure 5. Chemical composition of ground-water samples collected from wells PB-1520,
PB-1522, PB-1524, and PB-1552.
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Figure 6. Chemical composition of ground-water samples collected from wells PB-1651, PB-1652,
and PB-1653.
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EXPLANATION

o Surface-Water Analysis
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Figure 7. Chemical composition of surface-water samples collected from sites SW-1, SW-2,
and SW-3.
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Figure 8. Chemical composition of surface-water samples collected from sites SW-4,
SW-5, and SW-6.
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CALCIUM CHLOAIDE, FLUORIDM, NO2 + NO3 CALCIUM CHLORIDE, FLUQRIDE, NO2 + NO3
PERCENT OF TOTAL MILLIEQUIVALENTS PER LITER PERCENT OF TOTAL MILLIECQUIVALENTS PER LITER

EXPLANATION

o Surface-Water Analysis
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CHLORIDE, FLUQRINDE, NO2 + NO3 CALCIUM CHLORIDE, FLUQRIDE, NOZ + NO3

PERCENT OF TOTAL MILLIEQUIVALENTS PR LITER PERCENT OF TOTAL MILLIECHIVALENTS PER LITER

Figure 9. Chemical compasition of surface-water samples collected from sites SW-7,
SW-8, SW-9, and SW-10.
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EXPLANATION
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Figure 10. Chemical composition of surface-water samples collected from sites SW-20,
SW-21, SW-22, and SW-23.
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color) ate sumnmarized 1n table 6. Box plots showing
the distribution of concentrations ol chloride, dissolved
solids, and sadium at ground-walter wells and surface-
water sites where water-quality standards were
cxceeded are depicted in figure 11. T3ox plois are graph-
ical means of displaying the locality, spread, and skew-
ness of a distribution. The top and bottom of the box
represent the upper (75th percentile) and lower (25th
percentile) quartiles of the data. Fifty percent of the
data are contained within these limits. The median
(50th percentile) is indicated by a horizontal line within
the box. The lines extending outward from both ends ol
the box are called whiskers and represent the Ist and
99th pereentiles of the data. Any data points less than
or greater than these percentiles are referred to as out-
liers.

During 1989-94, ground-water samples had
sodium concentrations ranging from about 8 to 440
mg/L., chloride concentrations ranging from 13 to 650
mg/L, and dissolved-solids concentrations ranging
from 164 to 1,780 mg/L (table 7). The highest dis-
solved-solids concentration (detected in well PB-1552)
indicates a high degree of mineralization. Color values
ranged [rom 10 to 1,400 Pt-Co (platinum-cobalt)
units (table 7), with virtually all ground-walter samples
collected from the 11 wells exceeding the SMCL (15
Pt-Co units). Organic material deposited in the surficial
aquifer system might have contributed to the elevated
color values. Concentrations of sodium cxceeded the

PMCL (160 mg/L) and concentrations of chloride
excecded the SMCL (250 mg/L) in water samples col-
lected from wells PB-1524 and PR-1552 (fig. 1 1). Dis-
solved-solids concentrations exceeded the SMCIL. (500
mg/L) in waler samples collected from wells PB-880,
PB-1520, PB-1524, PB-1552, and PB-1653 (fig. 11).

During 1989-94, surface-water samples had dis-
solved-solids concentrations ranging from 134 to 520
mg/L (lable 7). The highest concentration at site SW-1
(fig. 1) exceeded the SMCL (500 mg/L); however,
less than 1 percent of all surface-water samples col-
lected from the 14 sites had dissolved-solids concentra-
tions exceeding the SMCL. Color values ranged from
20 to 240 P1-Co unils (lable 7), with all of the surface-
water samples collected from the 14 sites exceeding the
SMCT. (15 Pt-Co units).

The chemical characteristic pH is defined as the
negative base- 10 logarithm of the hydrogen ion activity
in moles per liter and is a measure of the acidity or alka-
linity of the water, Values ol pH ranged from 6.4 to 8.4
in ground water and from 6.6 to 8.5 in surface water
(table 7). One pH value (6.4} at one well was outside of
State limits (less than 6.5 or greater than 8.5). No pH
value at surface-water sites were outside these limits,
Most ground water in the United States has pH values
that range from 6.0 10 8.5, and river waters range from
6.5 to 8.5 (Hem, 1985, p. 64).

Table 6. Summary of major inorganic constituents and color exceeding the drinking-water standards in some
ground-water and surface-water samples at selected sites

[Concentrations shown in milligrams per liter, except for color which is shown in platinum-cobalt units. FDEP standard rep-
resents the Florida Department of Environmental Protection (1993b) drinking-water regulations standard. <, less than the

value]
Percent of
. Number of FDEP samples . .
Constituent samples standard exceeding Wells or sites exceeding standard
standard
Sodium 337 160 17 PB-1524, PB-1552
Chloride 343 250 17 PBR-1524, PB-1552
Dissolved solids 33R 500 36 PB-880, PB-1520, PB-1524, PB-1552, PB-1653
194 <1 SW-|
Color 338 15 99 All ground-water wells
194 100 All surface-water sites

20 Assessment of Water Quality in the South Indian River Water Control District, Palm Beach County, Florida, 1989-94
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Figure 11. Distribution of concentrations of chloride, dissolved solids, and sodium at selected sites
where water-quality standards were exceeded in the South Indian River Water Control District.
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Table 7. Water-quality analysis of major inorganic constituents and physical characteristics in the South Indian River Water Control District, 1989-94

[Concentrations shown in milligrams per liter, except where indicated: FDEP standard represents the Florida Department of Environmental Protection { 1993h)
drinking-water regulations standard. NS, no standard exists for particular constituent; Pt-Co units, platinum-cobalt units; <, less than the value; >, greater than the
value; --, no data]

Ground-water samples Surface-water samples
Type of
Constituent or FDEP maximum Number Maxi- Mini- Mumber Maxi- Mini-
characteristic standard contaminant of mum Mean Median mum of mum Mean Median mum
level samples samples
Calcium (Ca) NS MNone 338 170 oq a3 36 194 100 a7 69 25
Magnesium [Mg) NS None 338 37 9 38 0.6 194 10 4.5 4.7 1.2
Sadium (Ma) 160 PMCL! 137 440 &8 25 T8 194 74 30 0 5.5
Potassium (K) NS None 138 21 33 0.84 0.2 194 53 1.6 1.5 0.1
Chloride (Cl) 250 SMCL? 343 G650 121 41 13 194 100 43 49 8.9
Sulfate {S04) 250 SMCL? 338 190 36 16 <1 194 57 19 17 0.1
Fluoride (F} 4 PMCL' 338 0.6 019 0.2 <1 194 1.0 017 0.2 <1
2 SMCL?
Dissolved solids 300 SMCL? 338 1,780 566 378 164 194 520 313 327 134
Hardness {as CaCO3) NS MNone 338 370 283 250 a5 194 280 186 190 70
Chemical oxygen demand NS None 21 110 41 36 17 15 49 39 19 26
Silica (Si04) NS None 338 32 15 17 10 194 23 8.9 £.3 2.3
Color (P-Co units) 15 SMCL? 338 1,400 04 60 10 194 240 66 50 20
pH (standard units) <6.5 or SMCL? 338 8.4 - 7.5 6.4 193 8.5 - 7.7 6.6

>8.5

]Prjmary maximum contaminant level (PMCL): The maximum permissible level of a contaminant in water, which has a direct relation to human health.

2S.f:u::un.n:i.-au—_-,.r maximum contaminant level (SMCL}: Contaminants that affect the estheric quality of drinking warer. At high concentrations or values, health implicaticns as well as
esthetic degradation can also exist.



Trace Metals

Trace metals can be cause for concern because,
even in small amounts, some may be toxic to plants,
animals, and humans. Determinations were made lor
trace metals including arsenic, beryllium, cadmium,
chromium, copper, lead, mercury, nickel. selenium,
strontium, and zinc. Trace-metal samples were col-
lected at all 11 wells on a semiannual basis in 1993 and
1994 (app. T). Trace-metal samples also were collected
at 10 surface-water sites on a semiannual basis, except
at one site (SW-22) where only one sampling was made
(app. IT). Three trace metals exceeded the drinking-
water standards (PMCL's or SMCL’s) in some ground-
water samples. These three constituents (cadmium,
lead, and zine¢) are summarized in table 8,

During 1989-94, ground-water samples had
cadmium concentrations ranging from less than 1 o
12 pg/L (micrograms per liter), lead concentrations
ranging [rom less than 1 to 39 pg/L. and zinc concen-
trations ranging from less than 4 to 14,000 pg/L (table
0). The highest concentration of cadmium exceeded the
PMCL (5 p/L)y and the highest concentration of zine
exceeded the SMCTL (5,000 pg/L) in water samples
collected from well PR-711 (fig. 12). Among other
sources, cadmium is present in wastes from electroplat-
ing and other chemical processes, and zine is used in
galvanizing and coating of iron and steel surfaces to
prevent corrasion. Well PB-711 has black iron casing
with a metal screen, which might account for the high
cadmium and zinc concentrations detected at this well,
Lead concentrations excecded the PMCTL (15 pg/l.) in
water samples collecled rom wells PB-875, PR-928,
PB-1522, PB-1524, and PB-1653, with the maximum

lead concentration (39 pg/L) occurring al well PB-928
(fig. 13). At wells PB-875, PB-1522, PB-1524, and
PB-1653, the highest concentrations of lead occurred
in March 1994, whercas at well PB-928 the highest
lead concentration occurred in August 1994, The high-
est cadmium and zinc concentrations detected at well
PB-711 also occurred in March 1994, while all concen-
trations of zinc from well PB-711 exceeded the SMCL
(fig. 12). Lead entering the aquatic environment can be
derived from urban runoft, precipitation, lead dust fall-
out, erosion, and leakance of soil and industrial wastc
(U.S. Environmental Protection Agency, 1977 p. 82).

Trace metal concentrations did not exceed the
PMCL’s or SMCL’s in any water samples collected
from the surlace-water sites (table 9). Strontium exhib-
ited the greatest range in concentration (130-700 pg/L),
but there 1s no drinking-water standard for this constit-
uent. Chromium, copper, and zine had the next highest
concentrations, but all were well below the PMCL’s or
SMCL’s (table 9).

Nitrogen and Phosphorus Species

Mitrogen and phosphorus are needed for the
arowth and maintenance ol all organisms, especially
plant growth, Water bodics that receive increased con-
centrations of nitrogen and phosphorus tend to have
dense plant growth or algal blooms and usually become
eutrophic (1lem, 1985, p. 128). Elevated concentra-
tions of nitrogen and phosphorus can be attributed to
municipal wastewater, industrial wastewalter, or agri-
cultural runoft. Nitrogen occurs in natural waters in the
torm of organic nitrogen, ammonia, nitrite, and nitrate.

Table 8. Summary of trace metals exceeding the drinking-water standards in some ground-water samples at

selected wells

[Concentrations shown in micrograms per liter, FDEP standard represents the Florida Department of Environmental Protec-
tion (1993b) drinking-water regulations standard. <, less than the value|

Number Percent of
. FDEP samples .
. d
Constituent "?fl . standard exceeding Wells exceeding standar
sample standard
Cadmium 40 5 <3 PR-711
Lead 40 15 <13 PB-875, PB-928, PB-1522, PB-1524, PB-1653
Zinc 40 5,000 10 PB-711
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Table 9. Water-quality analysis of trace metals in the South Indian River Water Control District, 1989-94

{Concentrations shown in micrograms per liter. except where indicated: FDEP standard represents the Florida Department of Environmental Protection { 1993h)
drinking-water regulations standard. NS, no standard exists for particular constituent; <, less than the value; --, no data]

Ground-water samples

Surface-water samples

Tw_.rp_ae of

Constituent stzgs:rd c;?c::::::lnt w :’nfber Maximum Mean Median Mini- M :fber Max}- Mean Median Mini-
level samples mum samples mum mum

Arsenic (As) 50 PMCL! 40 4 0.8 05 <10 35 4 068 0.5 <1.0
Beryllium {Be) 4 PMCL' 40 1 5 5 <1.0 35 2 61 5 <1.0
Cadmium (Cd) 5 PMCL ! 40 12 1.0 5 <1.0 35 <10 - - <10
Chromium (Cr) 100 PMCL! 40 7 2, 25 <50 35 7 3.2 25 <50
Capper (Cu) 1,000 SMCL? 40 57 9.5 3 <10 s 6 1.9 2 <10
Lead {Pb) 15 PMCL! 40 39 7.0 3 <1.0) 35 300 117 1 <1.0
Mercury {Hg) 2 PMCL! 40 1.1 16 03 <. 35 6 13 05 <1.0
Nickel (Ni) 100 PMCL' 40 11 1.9 2 <1 35 2.0 74 5 <10
Selenium (Se) 50 PMCL! 40 <1.0 - <10 <1.0 35 <1.0 - <1.0 <1.0
Silver (Ag) 100 SMCL? 40 3 6 5 <1.0 35 1 51 5 <1.0
Strontium (Sr) NS None 338 2000 682 530 250 193 00 424 430 130
Zinc (Zn) 5,000 SMCL’ 40 14000 958 20 <40 35 60 10.7 5 <40

]Primar;-' maximum contaminant level [PMCL): The maximum permissible level of a contaminant in water. which has a direct relation to human health.

2S-ﬂ:{}lndar_\r maximum contaminant level {SMCL): Contaminants that affect the esthetic qualiry of drinking warter. At high concentrations or values, health implications as well as

esthetic degradarion can also exist.
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Figure 12. Cadmium and zinc concentrations at well PB-711, 1993-94,
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Figure 13. Lead concentrations at selected wells in the South Indian River Water

Control District, 1993-94.

Ammonia is converted (o nitrite and nitrate under aer-
obic conditions, which normally occur in surface water.
High concentrations of ammonia gencrally are indica-
tive of contamination from urban or agricultural
sources. Total nitrite plus nitrate concentrations tend to
be lower for ground water than for surface water due to
anaerobic conditions existing in ground water; these
conditions inhibit oxidation of ammonia to nitrite and
nitrate. Cyanide is a toxic form of nitrogen that is a by-
product of manufacturing processes. Organic carbon
can be contributed to a water body through plant and
animal waste, Total organic carbon is a measure of the
dissolved and suspended organic carbon in a water
sample.

Initial sampling for nitrogen and phosphorus
species began in 1989 on a monthly basis at cight sur-
face-water siles, periodically from 1991 to 1994 at four
sites, and annually in 1993 at one site (app. 11). Addi-
tionally, sampling was done on a periodic basis at 11
ground-water wells in 1993 and semiannually in 1994
(app. I). Total cyanide was determined at all ground-
water wells and at selected surface-water siles, period-
ically in 1993 and semiannually in 1994 (app. I and II).

Nitrogen and phosphorus species concentrations
did not exceed the PMCL’s in any water samples (lable

10). Median concentrations of total organic nitrogen
and total nitrite plus nitrate nitrogen were higher in sur-
face water than in ground water, The reverse was true
for total ammonia nitrogen, total ammonia plus organic
nitrogen, total organic carbon, and total phosphorus
where median concentrations were higher in ground
water than in surface water, The median concentration
of total nitrite nitrogen (0.005 mg/L) was the same in
both ground water and surface water. Many outliers
(greater than the 99th pereentile) were detected in sur-
face-water samples (fig. 14). Total cyanide concentra-
tions did not equal nor exceed the PMCL (0.2 mg/L.) in
any ground-water or surface-water samples, The high-
est tolal cyanide concentration (0.07 mg/L) was
detected at site SW-1,

Results of the study indicate that in ground-water
samples most of the nitrogen exists as total organic
nitrogen and total ammonia nitrogen; whereas in sur-
facc-water samples, most of the nitrogen exists as lotal
organic nitrogen. Box plots showing the distribution of
concentrations of nitrogen and phosphorus species in
ground water and surface water at the South Indian
River Water Control District arc depicted in figure 14,

26 Assessment of Water Quality in the South Indian River Water Control District, Palm Beach County, Florida, 1989-94
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Table 10. Water-quality analysis of nitrogen and phosphorus species in the South Indian River Water Control District, 1983-94

[Concentrations shown in milligrams per liter, except where indicated; FDEP standard represents the Florida Department of Environmental Protection (1993b)

drink-ing-water regulations standard. NS, no standard exists for particular constituent; <, less than the value; --, no data]

Ground-water samples

Surface-water samples

FpEP _1YPeof
. maximum Mumber ’ .. - Number . -
Constituent m:r':jd' contaminant of E\ixr: Mean  Median ::'IL of ':3_:1 Mean  Median ::.:_:
level samples samples

Total organic nitrogen NS None 47 9.4 (.85 0.36 0.18 188 4.6 0.86 0.78 0.36
Total ammonia nitrogen NS Momne 47 g1 56 b 16 188 42 03 03 <01
Total nitrite nitrogen I PMCL' 47 .04 RUL:S 005 <01 139 03 o7 005 <0l
Total nitrite plus nitrare 10 PMCL! 47 09 022 1 <.02 189 3.0 08 .04 <02
nitrogen
Total ammonia plus NS Mone 47 10 [.43 1.2 59 188 4.8 91 B3 40
OTEanic nitrogen
Total organic carbon NS MNone 21 18 12 12 4.9 15 15 11 10 5.3
Total phosphorus NS None 47 1.2 A5 R <.02 189 51 04 03 <02
Total cyaffide 0.2 PMCL! 40 <.02 - <.02 <.02 35 07 01 1 <.02

1Primary maximum contaminant level {PMCL): The maximum permissible level of a contaminant in water, which has a direct relation to human health.
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Figure 14. Distribution of concentrations of nitrogen and phosphorus species in ground
water and surface water at selected sites in the South Indian River Water Control District.
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Table 11. Synthetic organic compounds for which primary maximum contaminant levels exist and the
laboratory analytical detection limits

[Compounds were analyzed using laboratory standard solutions of known chemical composition. Concentrations

shown in micrograms per liter. Type of compound: 1, acid-extractable compounds; 2, base/neutral-extractable com-
pounds; 3, pesticides: 4, volatile organic compounds, FDEP standard, Florida Department of Envitonmental Protec-
tion (1993) drinking water regulations standard; NPDES, National Pollutant Discharge Elimination System: <, less

than the value]

Number

Maximum

Type of D ion NPDE
Compound name cmmnund of Blti?;::to contaminant pﬂllutals'lt
samples level
Benzene 4 12 <0.2 1 Yes
Benzo(a)pyrenc 2 13 <10.0 0.2 Yes
Carbon tetrachloride 4 12 <=2 3 Yes
Chlordane 3 12 =1 2 Yes
Dibromochloromethane 4 12 <1 0.2 No
Dichlorobromomethanc 4 12 <2 3 No
1,2-Dichloroethane 4 12 <2 3 Yes
1,1-Dichloroethylene 4 12 <2 Yes
cis-1,2-Dichloroethylene 4 12 <2 70 No
1,2-Dichloropropane 4 12 <2 5 Yes
Endrin 3 12 =.06 2 Yes
Ethylbenzenc 4 12 <2 700 No
Heptachlor 3 12 <.03 0.4 Yes
Heptachlor epoxide 3 12 <.8 0.2 Yes
Hexachlorobenzene 2 13 <5.0 1 Yes
Hexachlorocyclopentadienc 2 13 <50 50 Yes
Lindane 3 12 <.03 0.2 No
Pentachlorophenol 1 13 <30.0 1 Yes
Styrene 3 12 <2 100 Yes
Tetrachloroethylene 4 12 <2 3 Yes
Toluene 4 12 =2 1,000 Yes
Toxaphene 3 12 <2.0 3 Yes
1,2,4-Trichlorobenzene 2 13 <5 70 Yes
1,1, 1-Trichlorocthane 4 12 =2 200 Yes
1,1,2-Trichloroethane 4 12 <2 5 Yes
Trichloroethylene 4 12 <2 3 Yes
Vinyl chloride 4 12 <2 1 Yes
Xylene 3 12 <2 10,000 Yes

! Primary maximum contaminant level (PMCL): The maximum permissible level of a contaminant in water, which
has a direct relation to human health.
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Synthetic Organic Compounds

Generally, all natural water contains organic
material due to the relation between water in the hydro-
logic cycle and living matter (Hem, 1985, p. 151).
Organic material can be contributed to a water body by
natural processes, human and animal waste disposal
and urban and agricultural runofT, or in the form of syn-
thetic organic compounds as a result of industrial pro-
cesses. From July 1989 to August 1994, sampling of
various synthetic organic compounds was conducted at
several sites in the South Indian River Water Control
District.

Beginning in July 1989, water samples were col-
lected from selected ground-waler wells and surface-
waler siles for GC/FID scan analysis. This analysisis a
screening technique used for the detection of synthetic
organic compounds in water and provides semiquanti-
tative data without identification of specific com-
pounds. Further sampling for many specific organic
compounds at selected surface-water sites was added
in 1992, including 113 compounds listed by the U.S.
Environmental Protection Agency as part of the
NPDES protocol. Beginning in August 1992, one sur-
face-watcer site (SW-20) was sampled for NPDES pol-
lutants on a storm-driven basis (app. 1I). Additionally,
one other surface-water site (SW-22) was sampled in
1993, and two more surface-water sites (SW-1 and
SW-10) were sampled in 1994 (app. 11). Beginning in
October 1993, water samples were collected from three
surface-water sites for GC/FID scan analysis.

The synthetic organic compounds that were sam-
pled include acid-extractable compounds, basc/neu-
tral-cxiractable compounds, pesticides, and volatile
organic compounds, Table 11 lists the compounds for
which PMCL’s exist and the laboratory analytical
detection limits. NPDES pollutanis were not detected,
and concentrations of compounds (for which PMCL's
exist) did not equal nor exceed the PMCL’s at any sites
during the monitoring program. However, the PMCL’s
for heptachloride epoxide, pentachlorophenol,
hexachlorobenzene, and benzo(a)pyrene were helow
the laboratory minimum detection limit. Therefore,
concentrations could still exceed the PMCL’s, even
though the compounds were not detected. Total phe-
nols, which are aromatic synthetic organic compounds,
were sampled at all ground-water wells and selected
surface-water sites beginning in 1993 (app. IT), but
none were detected.

Results of the GC/FID analysis indicate that
some water samples at sites in the South Indian River
Water Control District contained trace concentrations
of organic compounds. However, water samples at
several sites exhibited concentrations greater than 50
1g/L, the threshold above which individual compounds
should be determined (Khanh Doan, U.S. Geological
Survey Quality Service Unit, Ocala, Fla., oral
commun., 1994), The sites for which concentrations
of compounds were at or above 50 pg/L are presented
in table 12.

Table 12. Quantitative summary of synthetic organic compounds exceeding the threshold (50 micrograms per
liter) above which individual compounds should be determined

[Concentration range shown in micrograms per liter]

Sampling date Concentration range

Wells or sites exceeding the
50 microgram per liter threshold

September 1989 100-200 PB-BR0, PB-928, PB-1552, PB-1652, SW-4, SW-6, SW-10
December 1989 50-60 PB-1524, PB-1652, SW-6

March 1990 10-300 PR-1522

TFebruary 1991 140-160 PBR-1524

30 Assessment of Water Quality in the South Indian River Water Control District, Palm Beach County, Florida, 1989-94



SUMMARY AND CONCLUSIONS

The South Indian River Water Control District
is located in northern Palm Beach County in an area
where no public-water supplies exist, and thus many
residents must rely on private wells for domestic water
supplies and septic tanks for waste disposal. The avail-
ability of a potable waler supply for the arca has
become an iIlCI'CﬁSiIlg concern 10 walcr-management
officials and others, The U.S. Geological Survey, in
cooperation with the South Indian River Water Conirol
District, began an extensive ground-water and surface-
water quality study in July 1989 to define the baseline
walcr quality within the District and to develop a data
basc [or future water-resource planning and manage-
ment. The sampling program included 11 ground-water
wells and 14 surface-waler sites located within the Dis-
trict study area. Water samples were collected on a
periodic basis from 1989 to 1994 for determination of
major inorganic constitucnts and physical characteris-
tics, trace metals, nitrogen and phosphorus species, and
synthetic organic compounds.

The predominant water type within the South
Indian River Water Control District is caleium bicar-
honate, which is due to the dissolution of limestone
from the surficial aquifer system (the major source of
freshwaler supply for Palm Beach County). However,
mixed-cation and mixed-anion type waters also exist in
varying amounts as well as sodium bicarbonate type
water. Ilighly mineralized sodium chloride type water
exists in shallow and deep zones of the surficial aquifer
system in western areas of the District, causing the
water to be unsuitable as a potable supply.

Concentrations or values of sodium, chloride,
dissolved solids, and color exceeded the State drink-
ing-walter standards in some ground-water and sur-
face-water samples. Sodium and chloride concentra-
tions exceeded the standards (160 and 250 mg/L,
respectively) in ground water at only two wells; dis-
solved-solids concentrations exceeded the standard
(500 mg/L) at five ground-water wells and one surface-
water site; and color values exceeded the standard (15
Pt-Co units) at all 11 ground-water wells and all 14 sur-
face-water sites. The highest dissolved-solids concen-
tration (1,780 mg/L) was detected in one ground-water
sample (well PB-1552), indicating a high degree of
mineralization. The highest dissolved-solids concen-
tration (520 mg/L) detected at one surface-water site
(8W-1) exceeded the State standard, but amounted to
less than 1 percent of all samples collected at the 13
sites. Elevated color values detected in ground water at

all of the wells were probably the tesult of organic
material deposited in the surficial aquifer system.

Cadmium, lead, and zinc were the only trace
metals that exceeded State drinking-water standards in
the ground-water samples. Cadmium and zinc concen-
trations exceeded the standards (5 and 5,000 pug/L,
respectively) in ground water at only one well
(PB-711). Lead concentrations excesded the standard
(15 pg/L) in ground water at five wells. Trace metal
concentrations did not exceed State drinking-water
standards in any surface-water samples.

Determinations were made of selected nitrogen
and phosgphorus species for this study. Ilowever, no
concentrations exceeded the State drinking-water stan-
dards in any ground-water or surface-water samples.

The synthetic organic compounds that were
determined included acid-extractable compounds,
base/neutral-extractable compounds, pesticides, and
volatile organic compounds. No concentrations of
compounds which are part of the NPDES protocol or
tor which PMCL’s exist were equaled or exceeded dur-
ing the storm-driven monitoring of four surface-water
sites. Some compounds were deteeted during GC/FID
analysis in concentrations greater than 50 pg/L. Water
samples collected trom six wells and three surface-
water sites in the study arca had concentrations of
organic compounds al or above 50 pg/L.
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Dates of sampling
for major inorganic
constituents

Dates of sampling
for nitrogen and
phosphorus species

Dates of sampling
for cyanide

Dates of sampling
for trace metals

Appendix |. Dates of sampling for water-quality constituents at selected ground-water wells

[Gas chromatograph/flame ionization detection reconnaissance sampling was conducted at all wells, but on a periodic basis]
T B e e

Dates of sampling
for chemical
oxygen demand

Dates of sampling
for total organic
carbon

Dates of sampling
for phenols

7-18-39 o 08-10-94

07-19-8% o D8-11-54

03-18-93 to 08-10-94

07-14-93 to 08-11-54

07-18-89 to (15-09-94

03-17-93 to 0F-0%-94

R

s

07-19-89 to 08-09-54

1-06-93 1o 08-09-94 |

7-19-93 to 08-09-94

10-06-93 to 08-09-94

21493 1o 08-11-94

07-15-93 to 08-10-94 7

O7-153-93 & 10-04-93

07-14-93 & 10-06-93

07-19-93 & [0-06-93

07-15-93 & 10-04-93

07-15-83 & 10-04-53

R

07-14-93 & 10-06-93

o

 EE TSR =5 o

07-14-93 & 10-06-93
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07-20-93 to 08-10-94 | 07-20-93 to D8-10-94

07-159-89 to 08- 10-94
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APPENDIX II

Dates of Sampling for Water-Quality Constituents
at Selected Surface-Water Sites
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Appendix Il. Dates of sampling for water-guality constituents at selected surface-water sites

[Gas chromatograph/flame ionization detection reconnaissance sampling was conducted at all sites, but on a periodic basis; NPDES. National Pollutant Discharge
Elimination System]

Dates ot sampling | Dates of sampling | [ . | )
Site for major for nitrogen and | Datesofsampling | Dates of sampling | Dates of sampling | Dates of sampling | [ sampling | Dates of sampling
number inorganic phesphorus for cyanide for frace metals | afor::zzﬁ; 4 for tc;i::bt::r?amc i for phenols foruﬁ;ﬁf
constituents species xyg | pol

i

T-12-93 & 059-26

FHatRgy 2 1
e IS

LOOT-I3-95 & L0-04

0493 ) 07-14-93 to 09-30-93

i

03-08-94 1o 08-08-94 | 03-08-5%4 (o 05-08-034 1 02-08-94 to 05-08-94
(TS S AT AP

e £




APPENDIX I

Statistical Summary of Selected Ground-Water
Quality Data, 1989-94

If the number of observations is greater than I or less than 5 for uncensored data,
only the maximum, minimum, and mean are reporled.

If the number of observations is equal to | for censored and uncensored data,
only the maximum is reported.

If the total number of observations above the detection limit is less than 5 for censored dala,

the estimated values are not reported. If the total number of observations above and below the

detection limil is greater than 1 and less than or equal to 5 for censored data, only
the maximum and minimum are reported.
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Well PB-711

[Asterisk indicates value is estimated by using a log-probability regression to predict the values of data below the detection limit.
Abbreviations: mg/L, milligrams per liter; Pt-Co, platinum-cobalt; g/, micrograms per liter]

Constituent or characteristic

Descriptive statistics

Percent of samples in which values were less

than or equal to those shown

Sample
size

Maxi- | Mini-
mum | mum

95%

75%

50%

25%

5%

SE:lemum {pcr T as ”m’]

'ch ipgl asrzn]
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[Asterisk indicates value is estimated by using a log-probability regression to predict the values of

Well PB-875

data below the detection limit; mg/L, milligrams per liter]

Constituent or characteristic

- _— Percent of samples in which values were less
Descriptive statistics than or egual to those shown
Sample | Maxi- | Mini-
size mum mum Mean 95% 75% 50% 25% 5%

Magnesium (mg/L as Mg)

Potassium {mg/'L as K)
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Well PB-880

[milligrams per liter: Pt-Co, platinum-cobalt: pg/L, micrograms per liter]

Percent of samples in which values were less

Descriptive statistics than or equal to those shown

Constituent or characteristic Sample | Maxi- | Mini-

]
size mum mum Mean || 95% T5% 50% 25% 5%

Sn,lemum {pgl as Sej“

Zine {pgL as Zn) 3] B ] |
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Well PB-928

[Asterisk indicates value is estimated by using a log-probability regression to predict the values of data below the detection limit.
Abbreviations: mg/L, milligrams per liter; Pt-Co, platinum-cobalt; pg/L, micrograms per liter]

Constituent or characteristic

Descriptive statistics

Percent of samples in which values were less

than or equal to those shown

Mini-
mum

95%

{

73% 50% 25%

Sulfate (mg/L as SO4)

Dissolved solids (mg/L)

e inr

Silica (mg/L as Si0y)

= Bt ==

Tt s

0r§anic nitrogen {mg/L a;Nf

Nitrite nxiﬁoéen (mgL as N)

4 =

7Am¥' monia + organic nitro ggn (;11g,L asN}

Arsgﬁjcymg-'L as“Asjl -

i

ﬁadmiﬁryﬁ {ug-"i. asE:;l} )

EE e

Copper (pg'L as Cu)

e
"V‘Lo 39_3_%5{ % = s gag e
.

e

| Zinc {pug/L as En}'
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Well PB-1520

[Asterisk indicates value is estimarted by using a log-probability regression to predict the values of data below the detection limit,

Abbreviations: mg/L, milligrams per liter; Pt-Co, platinum-cobalt; pgL, micrograms per liter]

Constituent or characteristic

Descriptive statistics

Percent of samples in which values were less
than or equal to those shown

Sample
size

Maxi- | Mini- |

mum | mum |

75%

50%

25%

5%

D

issolved :,{Jhds (g

R

G SRR R R

Ammoma + - organic nitrogen {mg L as ‘J}

Selemum = L as Sej

| Zinc (ug/L as Zn)
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Well PB-1522

[Asterisk indicates value is estimated by using a log-probability regression to predict the values of data below the detection limit.
Abbreviations: mg'L, milligrams per liter; Pt-Co, platinum-cobalt; pg/L, micrograms per liter]

Percent of samples in which values were less

Descriptive statistics than or equal to those shown

Constituent or characteristic Sample | Maxi- | Mini-
size mum | mum

Mean 95% 75% 50% 25% 5%

fine [pg-’L as Zni}r
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Well PB-1524

[mgL, milligrams per liter: Pt-Co, platinum-cobalt; pg/L, micrograms per liter]

Percent of samples in which values were less

Descriptive statistics than or equal to those shown

Constituent or characteristic Sample | Maxi- | Mini-

size | mum | mum Mean 95% 75% 50% 25% 5%

Magnesum (mpLasMp) | 33 | 31| 20 25051 03] W[ % 2] 207

I L L T I

Cadmium {ug'L as Cd)

s

Zine (pgL as Zn) 4 270 5 - o - N -
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Well PB-1552

[mgL, milligrams per liter; Pt-Co, platinum-cobalt; pg/L, micrograms per liter]

. Percent of samples in which values were less |

Descriptive statistics than or equal to those shown |

Constituent or characteristic Sample | Maxi- | Mini-
size mum mum Mean 95% 75% 50% 25% 5% :

Zine (pgL as Zn) 3 90 | 5,000 |
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Well PB-1651

[Asterisk indicates value is estimated by using a log-probability regression to predict the values of data below the detection limit,
Abbreviations: mg'L, milligrams per liter; Pt-Co, platinum-cobalt; pg/L, micrograms per liter]

Percent of samples in which values were less

Zine (ug/L as Zn)

Descriptive statistics than or equal to those shown
Constituent or characteristic Sa;r;;le :7::1 2:1; Mean 95% 250% 50% 25% 5%
$thzmene = s = % ey :
Magmnesium {mg/L as Mg) 32 9.6 22 3el3 6.22 3.975 355 249 239
mELENG , e T
Potassium (mg/L as K} 32 L.7 0.7 1.142 L5371 1375 1.2 0.885 .76
' & - = dl : , 45 40 - 2665
Sulfate (mg/L as SO;) 32 120 | 43 38.634 [[ 1135 435 335 27| 8
Floonde{mgl as®) | 47 o4 ! S Ma . M '
Dissolved solids {mgL) 32 388 241 326.219 386.7 366.5 3293 286.5 243.6
| Silica {mg/L as Si0;) 32 16 39 5.603 11.32 5.6 3.15 4.45 4.03
Color oty 2 i - i - Bi5 '
| Organic nitrogen (mg/L as N) 4 94| 074 - - - - - -
Nitrite mitrogen {mg/L as N) 4 -- - - -- - | - -- -
ite + nits  pitr i = . V ”% e - *x,; e o E £
Ammeonia + organic nitrogen (mg/L as N) 4 10 1 - T - - -- -
, : S . . e
Arsenic (ug'L as As) 4 -- -- -- -- -- -- - --
Cadmium (pg/L as Cd) 4 - - - - - -- - -
’ : st 7 s e shabo
Copper (pg/L as Cu) 4 10 1 -- -- -- -- - --
= e - . e e e e
Mercury (pg/L as Hg) 4 - -- - - - - - -=
Selenium {pg/L as Se) 4 -- - -- -- - -- -- -
4 &0 ] - - - - -- --
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Well PB-1652

[Asterisk indicates value is estimated by using a log-probability regression to predict the values of data below the detection limit.
Abbreviations: mg/L, milligrams per liter; Pt-Co, platinum-cobalt; pg/L. micrograms per liter]

_— - Percent of samples in which values were less
Descriptive statistics than or equal to those shown
Constituent or characteristic | i ini-
Sample | Maxi- | Mini Mean 95% | 75% 50% 25% 5%
S5ilz¢ | mum mum

Magnesum (mgTasMg || 31 | 4] 28] 3332] 394 36| 33| 3| 286
Potassium (mgLasK) || 31 | 13| 31 | 1.3 034 083 124 1] 0.84]

| 06] 042

P — g

Dissolved solids (mg/L) T 31 | 3% 340.903

Silica (mgL as 5104}

Organiic nitrogen (mg/L as N) I

| Nitdtenitrogen(mgLasN) Il 4 | - -1 -l -1 -] -]

Zinc (pg'L as Zn)
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Well PB-1653

[milligrams per liter; Pt-Co, platinum-cobalt; pg/L, micrograms per liter]

i o Percent of samples in which values were less
Descriptive statistics than or equal to those shown
Constituent or characteristic | i- ini- |
Sample | Maxi- | Mini | wean || os% | 75% | so% | 25% | 5%

- L ome e e
Magnesmm {mg/L as Mg]l 2] 4.645 4.1 395 7 326
L fmul b aa s o a . B63
Potassrum (mg'L as K} 1.135 0.79 l‘.} .51 .46
TChiGRAe R/ B¢ R R L

Sulfate (mgL as SO }

W‘R:R

s

Dlssﬂh ed \Dilds I:mg, ]_j

Sl T

i “Silica [mgi as 510-]

Orga.mc mtmgen [mg L as \}

R i he Shiid

Nitrite mtmgen {mg/L as N} :

= B D

Arsenic {j.;g.-'L as As} '

Cacfmimﬁ (ugT ;“;“Eas]

Copper {ug'L as Cu}

e

S

r‘xfiercury u.lg,"L as Hg]

£ Bt Fx s
. e S
S e S R S R SRR e

Selenlum [ pg,-L as Se}

ch (g 1 as En}




APPENDIX IV

Statistical Summary of Selected Surface-Water
Quality Data, 1989-94

If the number of observations is greater than 1 or less than 5 for uncensored data,
only the maximum, minimum, and mean are reported,

If the number of observations is equal to 1 for censored and uncensored daia,
only the maximum is reported.

If the total number of observations above the detection limit is less than 5 for censored data,

the estimated values are not reported. If the total number of observations above and below the

detection limit is greater than | and less than or equal to 5 for censored daita, only
the maximum and minimum are reported.
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Site SW-1

[Asterisk indicates value is estimated by using a log-probability regression to predict the values of data below the detection limit.
Abbreviations: mg/L, milligrams per liter; Pt-Co, platinum-cobalt; pg/L. micrograms per liter]

Constituent or characteristic

Descriptive statistics

Percent of samples in which values were less

than or equal to those shown

Sample
size

Maxi-
mum

T5% 50% 25%

Vrh:ii; gne Sium imgL as M g']

Sodium (gL N

“POT;SSIL:II'[ Tm 'L oas K}

2 Aoas

Sulfate (mg'L as SOy

T PEEL

S e

JIT.RAG

B

Silicé‘( mg:’L as

R.603 |

VDrganic nitrogen (mg/L as M)

L (gL as )

o Eraea

o

Nitrite nitrogen {mg/L as N}

‘Nimte e

Ammonia + organic

}

H

&

b hercury (ug-"L )z-lisﬁHg]

g

i Selenium {pg/'L as Se)

| Zinc WUL?;ZH]




Al X|puaddy

8

Site SW-2

[Asterisk indicates value is estimated by using a log-probability regression to predict the values of data below the detection limit,
Abbreviations: mg/L, milligrams per liter; Pt-Co, platinum-cobalt: pg/L, micrograms per liter]

. . Percent of samples in which values were less
i D i i
| escriptive statistics than or equal to those shown
Constituent or characteristic i Ini- |
Sample | Maxi | Mok | Mean || 9s% | 75% | so% | 25% | 5%
Magnesium (mp/T as Mg) 27 10 3o 5.789 9.6 ] 54 5 4.14 |
SeanmmpL e @ " m e A wee 3 Be

Potassium {mg/L as

27 2.2 T 1450 || 208 16| 14] 12| 104

Silica (mg-'“ashélﬂ
£ : 5 '-‘ e gg% £ .
| Organic nitrogen (mg/L as N)
| Witrite nitrogen (mg/L as N}

Ammonia + organic nitrogen (mg/L as N) || 27 15 046 0721 1.3 077 | 0.7 058 | 049

o : - e S Boeg 08l 0020 006 HOs 0 - s
Arsenic (pug/L as As) 2 - -- - | - - -- - -
i G = G @ B s s e FEE : "‘
G e S : : il d e it 3

Cadmium (pg/L as Cd) 2 -- -- - -- - -- - -
L wEeeny - . = '
Copper (pg'L as Cu) 2 - -

! asPby = S -
Mercury (pg/L as Hg) 2 - -
Selenium (gL as Se) 2 -- - - -- - - - -
Stontum (uglassgy | b0 330 desTa g 612 "  smp
Zinc (ug'L as Zn) 2 10 3 - | - - | -
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Site SW-3

[mgL, milligrams per liter; Pt-Co, platinum-cobalt; pg/L. micrograms per liter]

Constituent or characteristic

Descriptive statistics

I Percent of samples in which values were less
than or equal to those shown

Mini-

“Strontium { |.L-'L as Sr,]
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Site SW-4

[Asterisk indicates value is estimated by using a log-probability regression to predict the values of data below the detection limit,
Abbreviations: mg/L, milligrams per liter: Pt-Co. platinum-cobalt; pg/L, micrograms per liter]

Constituent or characteristic

Descriptive statistics

Percent of samples in which values were less
than or egual to those shown

Sample
size

Mini-
mum

Maxi-
mum

95% 75% 50% 25% 5%

Sulfaie {mg'L as S04)

"_mgﬂs*%ﬁ%ﬂ%’*
St

Dlssohed solids {mg Ly

i Sihca {mé ‘L as SlD-}

. -

e

Drzamc nltrogeﬁ {m,g"L as "~I]|

T s
Nitrite nitmg::n {mg/L as N)
= g iy e
uuuuu 5 a?g £

g1
]
+
o
g
|2
Lx]
I
H
g
B
©
=
&
5

"f"iISEIIiC { u-g.-'L: as EE‘J
Cadnuum {ug 'L as Cd}
Cogper { pg.fL- as Cu}
Mereury (ug'L as He)

Selenium (ug/L as Se)

| “Zinc (ug/L as Zn)

6.12 S61 51| 48| 146
: 2 s 3
1.64 1.5 1 1.3 1.1 0.53
684 - 8L L 370 ST 5
7 17 ¢ 14 13 Q.56
774

31 .
gt i e
St Sl G
31 IRl | 290
T
SEaE R
il 20 4.5
sEEE TEE
Ghtes S ik
31 14| 044
= B = =
e T hee

0031 =] *0.008

i S L i A
F] - - -
- - -
F - - -
v s o Sy
4 - - -
e - e e
: ,
4 _— — -
- q - - =
4 - - —
3 B
£ i B = i g
4 o _— _—

D815

*ﬂ C'24

i gi‘*“ g é Tie 3 =
1.36 .92 0.82 064 | 047
- G12¢ 005 003
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Site SW-5

[Asterisk indicates value is estimated by using a log-probability regression to predict the values of data below the detection limit.
Abbreviations: mg/L, milligrams per liter; Pt-Co, platinum-cobalt; pg/L, micrograms per liter]

Percent of samples in which values were less |

Descriptive statistics than or equal to those shown

Constituent or characteristic Sample | Maxi- | Mini-

size mum | mum | ™Mean 95% | 75% 50% 252 5%

e SR s : = _ o : e i 5 =
Stmntlum [ug"[_ as Sr) | 7 200 | 455417 690
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Site SW-6

[Asterisk indicates value is estimated by using a log-probability regression to predict the values of data below the detection limit.
Abbreviations: mg/L, milliprams per liter; Pt-Co, platinum-cobalt; pg/L, micrograms per liter]

Descriptive statistics

Percent of samples in which values were less
than or equal to those shown

Constituent or characteristic Sample Maxi- Mini-
size mum | mum Mean 95% 75% 50% 25% 5%

: . e e : FANh L s i - -
Magnesium {mg/L as Mg) 32 5 1.8 4,019 6.435 5825 | 355 27 1.8 |
i gl . il - = i e o 2 45 e
Potassium {mg/L as K) 32 27| 096 1.608 2.44 1.8 | 1.6 | 1.225 0.98 |

Ll - - 41060 A - B0 A 2 -

Sulfate (mg/L as SO;) 32 25 0.2 13.341 || 2435 20 12 7.1 2.41
: giakey - dE 04 e - W4 w2 L W0 .

Dissolved solids (mg/L) il 32 429 141 274219 || 414.05 3525 262 194.5 143.6

e s FEoEE 0 §§ g'%fz - S 'f_gg . ] : . %gff EEEE gg%;w £ ”é§§~§§ §; B - =
Silica (mg/L as SiO») i 32 19 2.7 T.009 || 15750 9 6.05 4.25 2.83
i i - - - st B85 60 L
Organic nitrogen (mg/L as N} i 31 12| 049 0.892 1.2 0.98 0.93 0.76 0.52
Nitrite nirogen (mg/L as N) T 32 0.02 [ *0.009 || *0.013 | *0.01 ] *0.009 | *0.008 | *0.0
ARy = = = : : - S L -

Ammonia + organic nitrogen (mgL as W) 31 1.2 0.53 0.924 1.2 1 0.97 | 0.8 0.56
1 . . T o £ W . ,

Arsenic (pg/T as As) 4 | -- - -- - -- - -- -

. S -~ = o =

Cadmium {pgL as Cd) 4 -- -- -- -- -- - | -- -

Copper (pg/L as Cu) 4 - - - - - - | - -

Mercury (pg/L as Hg) 4 - - - - -- _ — -
Snr e ) e T T

Selenium (pg/L as Se) 4 - - - - -- - -- -
e e 33 o S o : e s b i

Zinc (pg/L as Zn) 4 - -- -- - -- -- -- -
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Site SW-7

[Asterisk indicates value is estimated by using a log-probability regression to predict the values of data below the detection limit,
Abbreviations: mg/L. milligrams per liter; Pt-Co, platinum-cobalt; pg/L, micrograms per liter]

I
{ . I Percent of samples in which values were less
Descriptive statistics than or equal to those shown
Constituent or characteristic Sample | Maxi- | Mini-
i (-]
size | mum Mum Mean 895% 75% 50% 25% 5%

i

E e
Ammonia + organic nitrogen {mg/LasN) [ 6 |

=4

'Stmnti[ug.-'L as 57
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Site SW-8

[Asterisk indicates value is estimated by using a log-probability regression to predict the values of data below the detection limit.
Abbreviations: mg'L, milligrams per liter; Pt-Co, platinum-cobalt, pg/L, micrograms per liter]

Constituent or characteristic

Descriptive statistics

Percent of samples in which values were less
than or equal to those shown

Sample | Maxi-
size mum

95% T5% 50% 25% 5%

i S
o s e - 3

Magﬁésium‘ (mmg“,-{ as Mg}
- i Moy
Potassium {mg/L as K}

=3 s

Sulfate (mg/L as S0y
EEILEn L
Dissolved solids (mg/L)

s il ciEsi ol

[ Silica (mg/L as Si0,)

L Lol
10 38 1.2

Nitrite nitrogen (mg/T. as N}

At;nhonia + organic nitrogen (mg/L as N} |

e E B

Arsenic (gL as As)

Cadmium (pg/L as Cd)

Cop;per {pg'L as Cu)

Mercury {p.g-'L as Hg)

" Selenium (pg/L as Se)

Zinc (pg/L as En}

i
7 - - -
- |
SR S R S LR
2 = L
S S R‘a—g“* £ E A
FEI ST S
e . e
= EEEE e EEasaae
Eiiioiitie et = e
i Bt e e & ke R
;M FiEE e 23
S £ = R

1.5 1.25 0.92 .36 (165
v’ﬁ : Jxv,, ”%—gv =2 5
Erissd 5 ey
- - | - - _—
SR - =3
e Fo R T Sh =
- — JI - - -
e = i = = =
Srizsae -
Bl P : i SR
et S = =
friien 2 =
sl = L b
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Site SW-9

[mgL, milligrams per liter; Pt-Co. platinum-cobalt; pg/L, micrograms per liter|

-~ - Percent of samples in which values were less
Descriptive statistics than or equal to those shown
Constituent or characteristic Sample | Maxi- | Mini- |
size mum | mum Mean 95% T5% 50% 25% 5%

“Silica {mg/L as Si0-)
#@%Eﬁ‘%& :

| “Strontium {ugL as Sr}
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Site SW-10

[Asterisk indicates walue is estimated by using a log-probability regression to predict the values of data below the detection limit,
Abbreviations: mg/L, milligrams per liter, Pt-Co, platinum-cobalt; pg/L, micrograms per liter]

Constituent or characteristic

Descriptive statistics

Percent of samples in which values were less
than or equal to those shown

Maxi- | Mini-

25%

Magnemum [mﬂ-’l as \"IE}

e ik

Sulfate {mgL as 504)

soEmaa
e L

DtSSOl‘- ed schds {IIIE,'LJ

Slhca {mg T as S:D«j

o e e e an e

T e
S o

Drgamc ml:mgen (mg I_ as ’\Ij

e

Nn:nte mtmgen (mg/ L as )

Arsenjc (pg-'"L as z'-‘iS]

“Cadmium (pg'L as Cd)

E:n:-i}”per {ugL as Cu}

VMercur}f {ug-‘L as Hg)

Selemum (pgl as Se}

~Zinc (ngL as Zn)

*0.01 *0.01 *.00 [ *0.01 | *0.01
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[Asterisk indicates value is estimated by using a log-probability regression to predict the values of data below the detection limit.

Site SW-20

Abbreviations: mg/L, milligrams per liter; Pt-Co, platinum-cobalt; pg/L, micrograms per liter]

Constituent or characteristic

Descriptive statistics

Percent of samples in which values were less
than or equal to those shown

Sample
size

Maxi- | Mini-
mum | mum

T5%

50% | 25%

\Magnesmm {mg/L as N

*181 |

*.o1
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Site SW-21

[ mg/L, milligrams per liter; Pt-Co, platinum-cobalt; pg/L, micrograms per liter]

Constituent or characteristic

Descriptive statistics

Percent of samples in which values were less
than or equal to those shown

Maxi- | Mini-

95% 5% 50% 25% 5%

Potassmm [nlg,L as K}

f3 oy
e 2

Su]fate {mg,]_ as 504}

FEa =

Dls-mh-cd \Dlid:a {mcr "L}

= e G oo

ica [mg L as 3101}

Eﬁ

T

e

P

EEh

Ammama + orgamc mtrogen (mg

Cadrmum {p,B,"L as Cd)

ﬁi’.’ _

Selemum (ug L as Sejl

o e

1 Emc {ug'L as EH‘J
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Site SW-22

[mg/L, milligrams per liter; Pt-Co, platinum-cobalt, pg/L. micrograms per liter]

Constituent or characteristic

Descriptive statistics

Percent of samples in which values were less

than or equal to those shown

Maxi- Mini-
mum mum

5% 50% 25%

5%

&L as ).-ig]
asNa)

asCh

$30,)

Organic nitro

TERT

Zine {pg,-'ﬁ 2
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Site SW-23

[mg/L. milligrams per liter; Pt-Co, platinum-cobalt; pg/L, micrograms per liter]

Constituent or characteristic

Descriptive statistics

Percent of samples in which values were less

than or equal to those shown

| Sample | Maxi- | Mini-

mum mum Mean

I
95% 75% | 50% 25%

Magnesium { g,-'I_ as Mg)

o

| Dissolved solids {mg/L)
C

e e

Organic nitrogen (mg/L as N}

(mgl s N}

Nitrite nitro géh img'L as ™)

Ammonia + organic nitrogen (mg/L as N

0.7

=

“Cadmium {

Copper ( |.L L as Cu)
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